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(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent the decline in the light 
emission efficiency by forming a light emitting region generated 
by current injection which is one of active layers, in other region 
than a region right above a growth suppressing structure. 
SOLUTION: On a sapphire substrate 100, selectively grown 
masks 150, 151 are so formed as to cross at right angles each 
other. After that, an n-GaN continuous film semiconductor layer 
102 is grown. Then, a mesa stripe 110 is formed nearly parallelly 
with the selectively grown mask 1 50 in other region than a 
region 1 52 right above the selectively grown mask 1 50. Nextly, a 
p-type electrode 111 of a stripe geometry is formed on an 
upper face of the nesa stripe 1 10 and then a backside of a 
wafer is polished to expose the n-GaN continuous film 
semiconductor layer 102 and an n-type electrode 1 12 is formed 
on the entire surface of the n-GaN continuous film 
semiconductor layer 1 02. After that, at a position away from the 
selectively grown mask 151, a mirror surface which constitutes 
a laser resonator is formed by cleaving. By specifying the shape 
of the selectively grown masks, the relative position of the mesa 




stripe 110, and the relative position of the laser resonator mirror for cleaving, the decline in the light 
emission efficiency can be prevented. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The semi-conductor light emitting device characterized by forming in fields other than said 
growth suppression structure right above field the luminescence field which is the semi-conductor light 
emitting device which has a continuation film semi-conductor layer including the growth suppression 
structure right above field obtained with the crystal growth to a growth suppression structure top, and 
the barrier layer which generates light, and generates light by current impregnation among these barrier 
layers. 

[Claim 2] Said luminescence field is a semi-conductor light emitting device according to claim 1 
characterized by being formed in the location which separated 30 micrometers or more from the growth 
suppression structure right above field. 

[Claim 3] The semi-conductor light emitting device characterized by removing said barrier layer in the 
field between said luminescence field and said growth suppression structure right above field. 
[Claim 4] The 1st process which forms growth suppression structure on a substrate, and the 2nd 
process which forms the continuation film semi-conductor layer from which said substrate and lattice 
constant, or a coefficient of thermal expansion differs so that both said substrate and said growth 
suppression structure may be covered continuously, The manufacture approach of the semi-conductor 
light emitting device characterized by having the 3rd process which forms the multilayer-structure 
object containing the barrier layer which generates light on said continuation film semi-conductor layer, 
and the 4th process which forms the structure for specifying the luminescence field in said barrier layer 
except for the right above field of said growth suppression structured division. 

[Claim 5] The manufacture approach of the semi-conductor light emitting device according to claim 4 
which is the manufacture approach of a semi-conductor light emitting device of having the process 
which divides a semi-conductor light emitting device into two or more semi-conductor light emitting 
devices from a wafer, and is characterized by including the 5th process which divides a semiconductor 
light emitting device from a wafer so that said barrier layer of said growth suppression structure right 
above may not be contained in a semi-conductor light emitting device after said 4th process. 
[Claim 6] The manufacture approach of a semi-conductor light emitting device according to claim 5 that 
said barrier layer which remains from the edge of said growth suppression structure right above to a 
less than 30-micrometer field is characterized by dividing a semi-conductor light emitting device so that 
it may not be contained in a semi-conductor light emitting device in said 5th process. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a semi-conductor light emitting device with the high 
dependability formed on the substrate with the semiconductor material with which a lattice constant or 
a coefficient of thermal expansion differs especially from a substrate about a semi-conductor light 
emitting device. 
[0002] 

[Description of the Prior Art] When forming in up to the substrate with which a lattice constant differs 
from the crystal ingredient which constitutes a semi-conductor light emitting device 3% or more, or 
when growing up a semiconducting crystal to be up to the substrate with which coefficients of thermal 
expansion differ 10% or more, the attempt which the ingredient which constitutes a semi-conductor light 
emitting device, and the crystal ingredient with almost equal (a lattice constant and a coefficient of 
thermal expansion less than 1%) a lattice constant and a coefficient of thermal expansion were grown up 
thickly, formed the continuation film semi-conductor layer upwards on the substrate first, and forms a 
semi-conductor light emitting device is made. It is reported that a crystal defect reduces the semi- 
conductor layer which carried out the laminating on the continuation film semi-conductor layer. The 
example by the conventional technique which was made to carry out crystal growth of the GaN layer 
thickly, formed the continuation film semi-conductor layer on silicon on sapphire 800, and formed blue 
light emitting diode (LED) on it as an example of representation of such a light emitting device at 
drawing 8 is shown. 

[0003] The production approach of LED of this conventional example is explained. On silicon on sapphire 
800, the GaN layer 801 is first grown up into 5-micrometer thickness thickly by halide vapor growth 
(HVPE law). Next, the selective growth mask 802 which consists of Si02 is formed in GaN layer 801 
front face in the shape of a grid (form where Si02 stripe of 20-micrometer width of face of 200- 
micrometer pitch intersects perpendicularly mutually). The process sectional view produced by the 
above is shown in drawing 8 (a). 

[0004] next, this silicon-on-sapphire 800 top — HVPE — 300-micrometer thickness growth of the n 
mold GaN continuation film semi-conductor layer 803 is carried out by law. It grew up to be also right 
and left so that the n mold GaN continuation film semi-conductor layer 803 which grew according to the 
HVPE process at this time might be jutted out to up to the mask 802 for selective growth which that 
thickness follows on increasing and consists of Si02, although growth begins from the part which silicon 
on sapphire 800 exposed, and the selective growth mask 802 top which finally consists of Si02 of 20- 
micrometer width of face was covered. Thus, the n mold GaN continuation film semi-conductor layer 
803 with a flat front face was formed. 

[0005] Next, the n-GaN cladding layer 804, the InGaN barrier layer 805, and the p-GaN contact layer 
806 were formed in the wafer with which the n mold GaN continuation film semi-conductor layer 803 
was formed on this silicon on sapphire 800 of metal-organic chemical vapor deposition (MOCVD« law). 
The process sectional view produced by the above is shown in drawing 8 (b). 

[0006] Next, as shown in top-face structural drawing of LED of the (a) conventional example of d rawin g 
9 , and the A~A f sectional view of the (b) conventional example LED, it left the luminescence field 810 of 
300-micrometer angle, and it removed so that the surroundings of it might be surrounded, and the p- 
GaN contact layer 806, the InGaN barrier layer 805, and the n-GaN cladding layer 804 might be 
penetrated using a usual photolithography technique and a usual dry etching technique, and the n mold 
GaN continuation film semi-conductor layer 803 was exposed. Finally, p mold electrode 808 which has n 



mold electrode 807 on the front face of the n mold GaN continuation film semi-conductor layer 803, and 
has light transmission nature on the front face of the p-GaN contact layer 806 of 300-micrometer angle 
was formed, respectively. Thus, from the produced wafer, the scribe was carried out around the 
luminescence field 810, and each LED was started and it considered as the component. Thus, LED of 
the conventional example to produce is reported. 
[0007] 

[Problem(s) to be Solved by the Invention] However, the result to which the artificer concerned 
examined the property of LED which carried out in this way and was produced, The luminous efficiency 
(conversion efficiency to an electronic photon) at the time of pouring in a 20mA current differs from 0.3 
to 10% greatly by each component. It newly became clear that the yield from which 5% or more of 
desired luminous efficiency is acquired is very as low as 2%, and that the luminous efficiency of all 
components decreased sharply to about 30% or less at the time of test initiation in the initial reliability 
trial of about 100 hours under 80-degree C conditions. 

[0008] As a result of performing these examination with the artificer concerned detailed about the 
defect of a component conventionally, the following facts became clear. 

(1) Luminescence in InGaN barrier layer 805 part located in the selective growth mask right above field 
81 1 to which the selective growth mask 802 exists is very small. Moreover, when the selective growth 
mask right above field 81 1 was located in the central field of the luminescence field 810 from the 
boundary region of the luminescence field 810 of a chip, it also turned out that the decline in this 
luminous efficiency becomes remarkable especially. Thereby, luminous efficiency changes a lot by 
whether the selective growth mask right above field 81 1 is located in the part of luminescence field 810 
throat. 

(2) Also in the component of above-mentioned poor dependability, as for the InGaN barrier layer 805 of 
the selective growth mask right above field 81 1 (width of face of 20 micrometers), luminescence is 
hardly accepted after reliability-trial transit of 100 hours at a total of a 80-micrometer field including 
about 30 micrometers of both sides of the near. 

[0009] As a result of performing crystal analysis of the conventional example component furthermore, it 
became clear that penetrate the n mold GaN continuation film semi-conductor layer 803 with a 
thickness of 300 micrometers, and crystal transition concentrates and is introduced into the InGaN 
barrier layer 805 located in the selective growth mask right above field 81 1. The result of having 
measured the distance from selective growth mask 802 edge for the consistency of the crystal 
transition in the InGaN barrier layer 805 as a parameter to d rawin g 1 0 is shown. Crystal transition of 
consistency 1012cm-2 was concentrating on the InGaN barrier layer 805 of the selective growth mask 
right above field 81 1 with a width of face of 20 micrometers, and transition of 101 1cm-2 was observed 
also in the location which separated 10 micrometers from the edge of the selective growth mask 802 
further. Crystal transition decreased as it separated from the edge of the selective growth mask 802, 
and in the InGaN barrier layer 805 of the location distant 30 micrometers or more, crystal transition 
decreased even to 107-108cm-3. Such an inclination was observed in any part of the wafer produced as 
mentioned above. 

[0010] Moreover, the selective growth mask right above field 81 1 was included in the luminescence field 
in semiconductor laser by the same approach on the above n mold GaN continuation film semi- 
conductor layers 803, it was as large as 700mA, and the component life also had the oscillation 
threshold current very as short as about 1 second in the room temperature. 
[001 1] As mentioned above, in the conventional technique, the following troubles became clear. 

(1) In the light emitting device on the continuation film semi-conductor layer produced using the 
selection grown method, since decline in luminous efficiency is seen in the selective growth mask right 
above field 811, with the chip in which a selective growth mask right above field is included, luminous 
efficiency falls to a luminescence field dramatically. 

(2) The life , of the semiconductor laser component formed on the GaN continuation film was short, antf 
the semiconductor laser component was not obtained. 

[0012] For this reason, it was impossible to have prevented a fall and poor dependability of the luminous 
efficiency caused in the semi-conductor light emitting device which the continuation film semi- ; j 
conductor layer which has a different lattice constant from a substrate and a coefficient of thermal 
expansion is grown up, and is formed on it on a substrate from a lattice constant difference or a 
coefficient-of-thermal-expansion difference. 

[0013] Therefore, it aims at preventing the decline in the luminous efficiency in the case of having 
formed upwards the continuation film semi-conductor layer from which a substrate, a lattice constant, 



or a coefficient of thermal expansion differs using partial growth suppression structure, and forming a 

semi-conductor light emitting device further, and aggravation of dependability. 

[0014] 

[Means for Solving the Problem] Claim 1 of this invention is constituted by forming in fields other than 
said growth suppression structure right above field the luminescence field which is the semi-conductor 
light emitting device which has a continuation film semi-conductor layer including the growth 
suppression structure right above field obtained with the crystal growth to a growth suppression 
structure top, and the barrier layer which generates light, and generates light by current impregnation 
among these barrier layers. 

[0015] Claim 2 in this invention is constituted by being formed in the location where said luminescence 
field separated 30 micrometers or more from the growth suppression structure right above field, and 
claim 3 consists of fields between said luminescence field and said growth suppression structure right 
above field for it by removing said barrier layer further. 

[0016] The 1st process at which claim 4 forms growth suppression structure on a substrate on the 
other hand, and the 2nd process which forms the continuation film semi-conductor layer from which 
said substrate and lattice constant, or a coefficient of thermal expansion differs so that both said 
substrate and said growth suppression structure may be covered continuously. The 3rd process which 
forms the multilayer-structure object containing the barrier layer which generates light on said 
continuation film semi-conductor layer, It is constituted by having the 4th process which forms the 
structure for specifying the luminescence field in said barrier layer except for the right above field of 
said growth suppression structured division. Further claim 5 It is the manufacture approach of a semi- 
conductor light emitting device of having the process which divides a semi-conductor light emitting 
device into two or more semi-conductor light emitting devices from a wafer. After said 4th process, are 
constituted by including the 5th process which divides a semi-conductor light emitting device from a 
wafer so that said barrier layer of said growth suppression structure right above may not be contained 
in a semi-conductor light emitting device, and claim 6 is set at said 5th process. Said barrier layer which 
remains from the edge of said growth suppression structure right above to a less than 30-micrometer 
field is constituted by dividing a semi-conductor light emitting device so that it may not be contained in 
a semi-conductor light emitting device. 
[0017] 

[Embodiment of the Invention] It explains using the example which carried out this invention below. 
(Gestalt 1 of operation) An example of a semiconductor laser component which carried out this 
invention to drawing 1 is shown. This semiconductor laser component consists of the n-GaN 
continuation film semi-conductor layer 102, the n-GaN buffer layer 103, the n-aluminum0.1Ga0.9N 
cladding layer 104, a multiplex quantum well barrier layer 105, a p-aluminum0.1Ga0.9N cladding layer 106, 
and a p-GaN contact layer 107, and consists of a mesa stripe 110 for specifying the luminescence field 
of laser as a ridge waveguide, a p mold electrode 1 1 1 further for current impregnation, and an n mold 
electrode 1 1 2. 

[0018] Next, the making process of this example component is explained using d rawing 2 . first, a 
silicon-on-sapphire 100 top — MOCVD — 1 -micrometer thickness growth of the GaN buffer layer 101 
is carried out by law. next, the usual photolithography technique after carrying out 0.4-micrometer 
thickness formation of the Si02 film by the usual spatter on the front face of the GaN buffer layer 101 
and an etching technique — width of face of 10 micrometers — pitch 1 50micrometer — periodic — the 
selective growth mask 150 and width of face of 10 micrometers which consist of Si02 — pitch 
500micrometer — periodic — the selective growth mask 151 which consists of Si02 formed in the 
configuration which intersects perpendicularly mutually. The process sectional view of the 
semiconductor laser component produced by the above is shown in drawing 2 (a). 
[0019] then, this wafer top — HVPE — 1 50-micrometer thickness growth of the n-GaN continuation 
film semi-conducjtor layer 102 was carried out by law. Growth of 1 50-micrometer thickness completed -* 
substrate temperature with the growth for 35 minutes as 1020 degrees C. In the phase which growth f ;K 
took place only in the field which the GaN buffer film 101 exposed in early stages of growth like 
explanation in the conventional example in order that the selective growth masks 150 and 151 might 
work as growth suppression structure at the time of this growth, growth progressed in the longitudinal 
direction on the selective growth mask 150 and 151 gradually, and growth of 150 micrometer thickness 
finally ended, the n-GaN continuation film semi-conductor layer 102 is presenting the continuation film, 
and that front face became smooth. 

[0020] By the MOCVD method, succeedingly next, on this n-GaN continuation film semi-conductor layer 



102 0.5-micrometer thickness and the n-aluminumO.1GaO.9N cladding layer 104 for the n-GaN buffer 
layer 103 0.2-micrometer thickness, The multiplex quantum well barrier layer 105 and the p- 
aluminum0.1Ga0.9N cladding layer 106 which consist of InO.25GaO.75N well layer two-layer of 4nm 
thickness, and three layers of InO.05GaO.95N barrier layers of 3nm thickness 0.2-micrometer thickness, 
0.7-micrometer thickness growth of the p-GaN contact layer 107 was carried out. The process 
sectional view of the semiconductor laser component produced by the above is shown in drawing 2 (b). 
[0021] Then, the mesa stripe 110 with a width of face [ of 2 micrometers ] and a height of 0.7 
micrometers was formed in fields other than right above field 152 of the selective growth mask 150 
almost in parallel with the selective growth mask 150. the selective growth mask 150 with which the 
mesa stripe 1 1 0 observes and adjoins each other from the upper part of a component at this time — it 
was made to be mostly located in the center A usual photolithography technique and a usual dry etching 
technique were applied to formation of this mesa stripe 110. Then, after forming stripe-like p mold 
electrode 111 in a top face for the mesa stripe 1 10, Wafer thickness is set to about 120 micrometers by 
grinding a wafer rear face (). Namely, silicon on sapphire 100, the GaN buffer layer 101, and the selective 
growth masks 150 and 151 are removed completely. The n-GaN continuation film semi-conductor layer 
102 formed n mold electrode 1 12 all over the rear face which it is made to expose to a wafer rear face, 
and the n-GaN continuation film semi-conductor layer 102 exposed. The process sectional view of the 
semiconductor laser component produced by the above is shown in drawing 2 (c). 
[0022] Next, the mirror side which constitutes a laser cavity by cleavage was formed. This cleavage 
process is the following, and was made and carried out. First, the marking-off blemish was put into two 
near [ on the rear face of a wafer (namely, the n-GaN continuation membrane layer 103 side) ] the 
corner, cleavage was carried out to the direction and the parallel direction in which the selective growth 
mask 151 was formed, in the location of this marking-off blemish, and the laser resonator mirror was 
formed. At this time, two marking-off blemishes are formed in the location which separated 50 
micrometers from the edge part of the selective growth mask 151 which adjoins mutually, and the right 
above field 153 of the selective growth mask 151 was made not to be included in a laser component. 
Therefore, laser cavity length was 400 micrometers. The scribe of the part of the right above field 1 52 
of the selective growth mask 1 50 was carried out to the last, and it divided into each laser chip. The 
laser component shown in drawing 1 through the above process is completed. 

[0023] The laser component produced as mentioned above has realized laser oscillation by the threshold 
current of 25mA. Moreover, except for the laser component which results this laser component within 
50 hours of the first stage at failure as a result of carrying out a reliability trial under 50-degree-C 
ambient atmosphere and the condition of 3mW output, the life of 1000 hours or more could be checked 
in almost all components, and the median life (time amount to which the component of the examined one 
half breaks down) was 1500 hours. This dependability is sufficient property even when using the 
component concerned as the light source for optical disks. An improvement of this dependability with 
this laser component In selective growth mask [ which is the growth suppression structure formed in 
order to grow up the n-GaN continuation film semi-conductor layer 102 ] 150, and 151 top So that the 
right above fields 152 and 153 which a crystal defect concentrates may not be included to the 
luminescence field (in this case, part in which the mesa stripe 110 with which a current is alternatively 
poured into a barrier layer 105 is formed) of a laser component It can be understood as what is 
depended on having set up the relative position for the configuration of the selective growth masks 1 50 
and 151, and the cleavage of a laser resonator mirror to the relative position and the selective growth 
mask 151 of the mesa stripe 1 10 to the selective growth mask 150. 

[0024] With the laser component which carried out the above-mentioned invention, it is formed so that 
it may become the center of right above field 152 comrades of the selective growth mask 150 which 
adjoins the mesa stripe 110 (into namely, part which separated 70 micrometers from the edge of the 
selective growth mask 150). With the same structure as the above-mentioned example component, the 
laser component to^which the distance from right above field 152 (namely, selective growth mask 150) 
edge of the mesa* 'stripe 110 was changed with 0 micrometer, 10 micrometers, 20 micrometers, 30 
micrometers, 50 micrometers, and 70 micrometers (namely, when the mesa stripe 110 is formed in the 
right above field 152) was produced, and the same reliability trial as the above was carried out. At this 
time, the scribe location of an isolation sake was made into near the core of the mesa stripe 1 10 which 
adjoins also in which component, and set constant the relative distance with the mesa stripe 1 10 of a 
scribe location. The result is shown in drawing 3 An axis of abscissa shows the distance from the core 
of the right above field 152 to the mesa stripe 110, and the axis of ordinate shows the median life. In 
order to secure from this result the median life of 1000 hours or more needed practically, it turned out 



\ * that it is required to form the mesa stripe 1 10 in the location which separated 30 micrometers or more 
from the right above field 1 52. 

[0025] (Gestalt 2 of operation) Next, the case where this invention is applied to light emitting diode is 
described. Structural drawing of the 2nd operation morphological child is shown in drawing 4 . It consists 
of the n-GaN continuation film semi-conductor layer 401, the n-GaN buffer layer 402, the In0.1Ga0.9N 
strain relaxation layer 403, the In0.5Ga0.5N single quantum well barrier layer 404, the p- 
aluminum0.2Ga0.8N antiflashing layer 405, a p-GaN contact layer 406 and an n mold electrode 407, and 
a p mold electrode 408. Moreover, the luminescence field is specified by the mesa 410 with the 
component of this example. 

[0026] Next, the production approach of this light emitting device is explained. First, the slot structure 
450 with a width of face [ of 40 micrometers ] and a depth of 50 micrometers is formed in silicon-on- 
sapphire 400 front face in the shape of a grid in 400-micrometer pitch by dicing. The process sectional 
view of the semiconductor device produced by the above is shown in drawing 5 (a). 
[0027] Next, by the HVPE method, the n-GaN continuation film semi-conductor layer 401 with a 
thickness of 300 micrometers is grown up. Although the growth as a flat field cannot do the n-GaN 
continuation film semi-conductor layer 401 in the early stages of growth since there is slot structure 
450 formed in silicon on sapphire 400 at this time, the slot structure 450 will be gradually buried with the 
growth from a wall on either side as growth thickness is increased, and the slot on surface will be 
embedded evenly. That is, the same effectiveness as a thing with slow growth in a slot 450 could be 
realized effectually, and the continuous front face was able to use the n-GaN continuation membrane 
layer 401 as the flat single layer at the time of 300-micrometer growth termination. 
[0028] next, molecular-beam epitaxial ** (MBE law) — on the n-GaN continuation film semi-conductor 
layer 401, 0.05-micrometer thickness and the InO.45GaO.55N single quantum well barrier layer 404 were 
carried out for 0.4-micrometer thickness and the In0.2Ga0.8N strain relaxation layer 403, and 0.4- 
micrometer thickness growth of 0.1 -micrometer thickness and the p-GaN contact layer 406 was carried 
out [ the n-GaN buffer layer 402 ] for 4nm thickness and the p-aluminum0.1Ga0.9N antiflashing layer 
405. The process sectional view of the light emitting device produced by the above is shown in drawing 
5 (b). 

[0029] Furthermore, it left periodically 300-micrometer angle mesa 410 which contains the 
InO.45GaO.55N single quantum well barrier layer 404 using a usual photolithography technique and a 
usual dry etching technique, the field in the meantime was etched by 1 00-micrometer width of face, and 
the n-GaN continuation film semi-conductor layer 401 was exposed on the etching base. That is, the 
etched field became the configuration of the shape of a grid of 400-micrometer pitch, and the right 
above field 451 of the slot structure 450 which includes by this many defects by which MBE growth was 
carried out on the slot structure 450, and the InO.45GaO.55N single quantum well barrier layer 404 
contained around it were removed completely. With the gestalt of this operation, the slot structure 450 
turns into growth suppression structure. The process sectional view of the light emitting device 
produced by the above is shown in drawing 5 (c). 

[0030] Next, the rear face of a wafer was ground, after removing silicon on sapphire 400 completely and 
exposing the n-GaN continuation film semi-conductor layer 401 at the wafer rear face, n mold electrode 
407 was formed in this n-GaN continuation film semi-conductor layer 401, and p mold electrode 408 of 
light transmission nature was formed in the front face of a mesa 410. It considered as each light 
emitting diode chip by carrying out a scribe to the last in the right above field 451 of the slot structure 
450. The process sectional view of the light emitting device produced by the above is shown in drawing 
4 . 

[0031] Thus, the yield of the component of **, alias ********, and 5% or more of conversion efficiency 
it can consider that is satisfactory practically was as high as 85% in the conversion efficiency to the 
photon of the electron of the produced light emitting diode. Furthermore, when the reliability trial was 
carried out for this example component on the same conditions as the conventional example component, 
95 - 103% of luminescence reinforcement at the time of test initiation could be obtained after 1000- » 
hour progress, and the dependability which is satisfactory practically was secured. 
[0032] The luminescence field in the light emitting device of this operation gestalt is equivalent to the 
mesa 410 section in which the InO.45GaO.55N single quantum well barrier layer 404 remains. Since the 
mesa 410 is formed in the field except the right above field 451 of the slot structure 450 used as growth 
suppression structure at the time of n-GaN continuation film semi-conductor layer 401 growth, in no 
produced light emitting devices, the right above field 451 of the slot structure 450 is included in the 
luminescence field. Moreover, the width of face from which the InO.45GaO.55N single quantum well 



barrier layer 404 was removed by etching is 100 micrometers, and the luminescence field of the mesa 
410 section will be formed in the place which separated 30 micrometers from the edge of the slot 
structure 450 with a width of face of 40 micrometers, the dependability which can obtain a component 
with luminous efficiency high as mentioned above with the sufficient yield , and be satisfactory be 
realizable — HVPE — law and MOCVD — the effect of the crystal defect intensively introduced into 
the right above field 451 of the slot structure 450 by the crystal growth process by law do not have a 
bad influence on luminescence by the InO.45GaO.55N single quantum well barrier layer 404 , but be 
consider because it became possible to arrange a luminescence field with a controllability sufficient into 
a part with comparatively few crystal defects . 

[0033] In addition, in the light emitting device of the above-mentioned operation gestalt a light emitting 
device making process and structure presupposed that it is almost equivalent, and made the light 
emitting device at the time of changing only the pitch of the slot structure 450 from 400 micrometers of 
the above-mentioned example to 500 micrometers and 300 micrometers as an experiment. Also in this 
case, the magnitude and the production pitch of a mesa 410 were considered as as [ 300 micrometers 
400 micrometers, and the above-mentioned operation morphological child ], respectively. When the 
luminescence property of these light emitting devices was measured, with the component which made 
the pitch of a slot 450 small with 300 micrometers, the yield from which 5% or more of luminous 
efficiency is acquired decreased sharply with 16%. On the other hand, in 500 micrometers and the 
opened light emitting device, it was 38%. This shows that it is important that the pitch of the slot 
structure 450 is the same as the production pitch of the mesa 410 which forms each light emitting 
diode. Therefore, in order to produce many light emitting devices from the wafer of the same area, it 
should be made for the right above field 451 of slot structure not to contain to a luminescence field in 
all light emitting devices. It cannot be overemphasized that it may put on this semantics and the pitch of 
the slot structure 450 may be made into the integral multiple of a mesa 410 production pitch. 
[0034] (Operation gestalt 3) Next, the operation gestalt which made the growth suppression structure 
itself remain for a laser component is explained. Component structural drawing of this operation gestalt 
is shown in drawing 6 . The component structure of this operation gestalt The n-SiC substrate 600, The 
GaN buffer layer 601, the n-GaN continuation film semi-conductor layer 602, The multiplex quantum 
well barrier layer 605 which consists of the n-GaN buffer layer 603, three layers of 
InO.1GaO.85aluminumO.05N barrier layers of 604 or 3nm thickness of n-aluminum0.1Ga0.9N cladding 
layers, and InO.2GaO.8N quantum well layer two-layer of 3nm thickness, the p-aluminumO.1GaO.9N 
cladding layer 606 and the p-GaN contact layer 607 — since — it has the becoming semi-conductor 
layer structure, p mold electrode 61 1 and n mold electrode 612, the mesa stripe 610 which specifies 
waveguide and a current path further, and the etched mirror 613 used as a resonator mirror. 
[0035] Below, the production approach of the laser component of this operation gestalt is explained. 
(Since, process drawing is similar with drawing 2 , it is omitted here.) First, on the n-SiC substrate 600, it 
formed so that the selective growth mask 650 whose period is 100 micrometers, and the selective 
growth mask 651 whose period width of face is 400 micrometers in 10 micrometers might intersect 
perpendicularly mutually by width of face of 10 micrometers which consists of SiNx. this wafer top — 
MOCVD — law — the GaN buffer layer 601 — 30nm thickness and the n-GaN continuation film semi- 
conductor layer 602 — 1 00-micrometer thickness and the n-GaN buffer layer 603 — 0.1 micrometers 
and the n-AIGaN cladding layer 604 — 0.3-micrometer thickness, the multiplex quantum well barrier 
layer 605, and the p-AIGaN cladding layer 606 — 0.3-micrometer thickness and the p-GaN contact 
layer 607 — 1 .0-micrometer thickness — crystal growth is carried out continuously. Although thickness 
remained in the condition 30 micrometers or less, the non-grown up part remained on the selective 
growth mask 650 and 651 and the crystal was not presenting the continuous film in growth of the n-GaN 
continuation film semi-conductor layer 602 at this time In the phase in which growth was furthermore 
continued and thickness amounted to 100 micrometers, the single film which was flat like the operation 
gestalt 1 as for n-GaN confcmuation film semi-conductor layer 602 front face, and continued is 
presented, and each class-603-607 contained in the laminated structure continuously formed on it also 
grew as a flat layer. 

[0036] Next, a usual photolithography technique and a usual etching technique were used, and the mesa 
stripe 610 with a height [ of 0.8 micrometers ] and a width of face of 2 micrometers was formed in 
parallel with the selective growth mask 651. This mesa stripe 610 not only forms laser waveguide in a 
barrier layer 605, but specifies the path of the current poured into a barrier layer 605 into the part near 
directly under [ mesa stripe 610 ], and it serves to change an electron into a laser beam efficiently. In 
this process, the mesa stripe 610 was formed so that spacing of the center of the right above field 653 



- of the selective growth mask 651 of both sides, i.e., the edge of the selective growth mask 651 and the 
edge of the mesa stripe 610, might be set to 39 micrometers. 

[0037] Next, the photolithography technique and dry etching technique for the usual etched mirror 
formation were used, and the etched mirror 613 used as a laser resonator mirror was formed. At this 
time, the etched mirror 613 was parallel to the selective growth mask 650, and it etched until it etched 
into the field with a full of 100 micrometers centering on the right above field 652 of the selective 
growth mask 650 and the n~GaN continuation film semi-conductor layer 602 was exposed to the etching 
base so that the barrier layer 605 of the right above field 652 of the selective growth mask 650 might be 
removed from etching. The resonator mirror of a lot which should serve as a laser cavity according to 
this process was formed, and the cavity length in the laser component of this operation gestalt could be 
300 micrometers. That is, it means carrying out etching for etched mirror formation in a cycle of [ as the 
period of the selective growth mask 650 / same ] 400 micrometer. 

[0038] Finally, after forming p mold electrode 61 1 in mesa stripe 610 top face and forming n mold 
electrode 612 all over n-SiC substrate 600 rear face, it divided into each laser component by carrying 
out a scribe in the part of the right above fields 652 and 653 of the selective growth masks 650 and 651. 

[0039] When the reliability trial under the conditions of 5mW optical output was carried out for the laser 
component of this operation gestalt under 60-degree-C ambient atmosphere of the operation gestalt 2, 
except for the component which showed abnormality degradation of initial 24 hours, it has checked 
having the life of 1000 hours or more altogether. The median life in this case was about 1600 hours. 
Thus, it is not included in the mesa stripe 610 whose right above field 652 of the selective growth mask 

650 is a luminescence field at all that reliable laser was realizable, but it is imagined to be the 
effectiveness which the barrier layer 605 of only a field with few crystal defects which cause 
degradation of a laser component has contributed to luminescence. 

[0040] By the way, in 1 of an operation gestalt, the cleavage location of a laser component was 
restricted to the part outside the right above field 152 of the selective growth mask 150. This is for 
avoiding deteriorating in an instant, when cleavage is carried out in the right above field 152 of the 
selective growth mask 150, the right above field 152 of the selective growth mask with which many 
crystal defects are included near the cleavage plane which it tends to destroy in the mesa stripe 110 
used as the luminescence field of laser is included and a component is operated. However, when 
cleavage was carried out near the right above field 1 52 of the selective growth mask 1 50 as in the 
operation gestalt 1 in parallel with the right above field 152 of the selective growth mask 150, the level 
difference arose in the cleavage plane partially, and there was a case where the right above field 152 of 
the selective growth mask 150 was included in the mesa stripe 110 with some components as a result. 
Many crystal defects are included to the right above field 1 52 of the selective growth mask 1 50, this is 
weak as a crystal, and it is considered to be the cause that it is easier to be divided. That is, in spite of 
a crystals carrying out cleavage in the right above field 152 of the selective growth mask 150 and 
having the **** property with one, it is because cleavage of the near was carried out with the operation 
gestalt 1. The yield when the same phenomenon is observed not only when cleavage divides a 
component, but when a scribe divides a component, and a controllability improves this phenomenon in 
parallel a scribe to the right above field 153 of the selection mask 151 in about 153 right above field of 
the selection mask 151 compared with a scribe ****** case in the right above field 153 of the selection 
mask 151 was low. 

[0041] Since the component division location by the scribes of all the 4th page at the time of dividing a 
component can be limited to the right above fields 652 and 653 of the selective growth masks 650 and 

651 by this operation morphological child on the other hand, At the time of component division, the 
scribe happened in the position, the right above field 652 of a selection mask was not included in the 
mesa stripe 610, and the configuration of a component did not shift from a predetermined configuration 
(it is the Nogata form, as it observes from the upper part and is shown in drawing 6 ). Thereby, also in 
the component shape recognition at the time of mounting a component, the error was able to be 
reduced and the component mounting yield has also been improved. This point was also a big merit in 
this operation morphological child. 

[0042] (Operation gestalt 4) Next, the operation gestalt of this invention when the barrier layer of the 
right above field of growth suppression structure remains for the component is explained using the 
example of light emitting diode. Structural drawing observed from the top face of the light emitting 
device of this operation gestalt to drawing 7 is shown. The formation approach of a GaN continuation 
membrane layer and the semi-conductor laminated structure presupposed that it is the same as the 



case of the operation gestalt 2 (in explanation of this example of an operation gestalt, the mark of 
common each class presupposes that it is the same as that of an example 2). Differing from the 
operation gestalt 2 is the point which the configuration of the mesa 710 containing the InO.45GaO.55N 
single quantum well barrier layer 404 has a configuration like drawing 7 , and enlarged the size with 390- 
micrometer angle. For this reason, in the light emitting device of this operation gestalt, it has the form 
where the InO.45GaO.55N single quantum well barrier layer 404 located in the right above field 751 of the 
growth suppression structure slack slot structure 450 at the time of n-GaN continuation membrane 
layer 401 growth was contained in the mesa 710. 

[0043] However, in the light emitting device of this operation gestalt, it has arranged to the central field 
of a mesa 710 by using p mold electrode 71 1 as 300-micrometer angle. That is, in the 30-micrometer 
field, p mold electrode was made not to be formed from the edge of the right above field 751 of the slot 
structure 450, and the right above field 751. On the other hand, n mold electrode 712 was formed in one 
corner of a light emitting device where the InO.45GaO.55N single quantum well barrier layer 404 was 
removed like drawing 7 . 

[0044] The p-GaN contact layer 406 consists of p-GaN with comparatively high resistivity, and since 
the current poured in from p mold contact layer 406 and p mold electrode 71 1 by considering as such a 
configuration has 0.4 micrometers and the thin thickness of those, in p mold contact layer 406, a current 
can hardly diffuse it in a longitudinal direction, but it can pour a current only into the In0.45Ga0.55N 
single quantum well barrier layer [ directly under ] 404 of p mold electrode 71 1. 
[0045] As a result of evaluating the property of the light emitting device of the operation gestalt 
concerned, the chip which has 5% or more of electronic-photon conversion efficiency amounted to 79 of 
inspected %, and the improvement more marked than the light emitting device constituted by the 
conventional technique was accepted. Moreover, when the reliability trial (conditions are the same as 
the operation gestalt 2) of these light emitting devices was performed, the luminescence brightness 
after 1 000-hour progress became 85 - 99% of range to the luminescence brightness of the time of a 
trial, and it was checked that no light emitting devices are problematic practically. 
[0046] As mentioned above, in the light emitting device of an operation gestalt, although the example 
which produced the light emitting device of a gallium nitride system using the GaN continuation film 
semi-conductor layer was explained, it cannot be overemphasized that this invention can be applied also 
when as follows. 

(1) When a substrate ingredient and the ingredient of a continuation film semi-conductor layer differ 
from the ingredient which constitutes a light emitting device (for example, when the case where a 
substrate is [ Si and a continuation film semi-conductor layer ] GaAs**s, and a substrate are 

[ continuation membrane layers ] GaN(s) in Si and GaAs etc.). 

(2) In other than (for example, a ridge stripe, other concavo-convex structures, etc. which were formed 
on silicon on sapphire) a selective growth mask or slot structure, the structure itself is [ the cases 
(SiNx, SiOx AlOx, etc.) where the ingredients of the selective growth mask which is growth suppression 
structure differ, and ]. 

(3) When the sequence of a process is changed so that a substrate may be completely removed before 
[ after forming a continuation film semi-conductor layer ] luminous layer formation. 

[0047] 

[Effect of the Invention] As mentioned above, when a semi-conductor light emitting device was 
produced on the continuation film semi-conductor layer in which a lattice constant and a coefficient of 
thermal expansion differ from a substrate by applying this invention, decline in luminous efficiency was 
prevented and light emitting diode and semiconductor laser with the good yield and high luminous 
efficiency have been realized. Moreover, this invention enabled it to secure practically sufficient 
dependability in these light emitting devices. 
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[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view of the semiconductor laser component of the gestalt 1 of operation of 
this invention. 

[Drawing 2] It is the making process Fig. of the semiconductor laser component of the gestalt 1 of 
operation of this invention. 

[Drawing 3] It is drawing showing the median life over the distance from the right above field of a growth 
mask to a mesa stripe.- 

[Drawing 4] It is the sectional view of the semi-conductor light emitting device of the gestalt 2 of operation 
of this invention. 

[Drawing 5] It is the making process Fig. of the semi-conductor light emitting device of the gestalt 2 of 
operation of this invention. 

[Drawing 6] It is the sectional view of the semiconductor laser component of the gestalt 3 of operation of 
this invention. 

[ Drawin g 7] It is the plan of the semi-conductor light emitting device of the gestalt 4 of operation of this 
invention. 

[Drawing 8] It is the making process Fig. of the conventional semi-conductor light emitting device. 
[Drawing 9] It is drawing showing the structure of the conventional semi-conductor light emitting device. 
[Drawing 10] It is drawing showing the surface density of the crystal transition over the distance from 
growth suppression structure. 
[Description of Notations] 

100 Silicon on Sapphire 

101 601 GaN buffer layer 

102, 602, 401 n-GaN continuation membrane layer 

103, 603, 402 n-GaN buffer layer 

104 604 n-aluminum0.1Ga0.9N cladding layer 

105 605 Multiplex quantum well barrier layer 

106, 606, 405 p-aluminumO.1GaO.9N cladding layer 

107 607 406 p-GaN contact layer 

110 610 Mesa stripe 

111,611, 408, 71 1 p mold electrode 

112, 612, 407, 712 n mold electrode 

150, 151, 650, 651 Selective growth mask 

152, 153, 652, 653 Right above field 

400 Silicon on Sapphire 

403 In0.2Ga0.8N Strain Relaxation Layer 

404 InO.45GaO.55N Single Quantum Well Barrier Layer 
410 Mesa 

450 Slot Structure 

451 751 Right above field . ;f ^ 
600 SiC Substrate ^ •> i - 
710 Mesa 
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